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Introduction
Much of the current academic literature on electricity restructuring has focused on the behavior of electricity generation firms in restructured wholesale electricity markets. Prominent recent works include Borenstein, Bushnell, & Wolak (2002) (hereafter BBW), Joskow & Kahn (2002) , and Puller (2001) -all of which examine the bidding behavior and capacity utilization decision of independent power producers (IPPs) in the California Power Exchange (CalPX). In each of these papers, the focus has been on how regulatory restructuring has altered firm behavior in the electricity generation sector. In this paper, we stray from this theme of firm behavior and focus more on the firm itself.
Although the identities of the electricity power producers participating in many of these restructured wholesale electricity markets are now well known, little analysis has been made on why these are the very firms who have become the major participants in the restructured markets. This is an important policy issue considering the original motives underlying electricity restructuring: a major motive was the hope that by opening up the generation sector to competition, less efficient power producers would be replaced by more efficient power producers. As explored in White (1996) , a main factor explaining the early adoption of electricity restructuring by some states is the high electricity prices suffered by consumers in those states, especially relative to consumers in neighboring states. While some of the price difference can be attributed to difference in cost advantages inherent to each state (e.g. access to hydro power), much of it has also been attributed to the different vertically integrated investor-owned utilities providing each state's electricity supply.
Therefore, some states welcomed the opportunity for out-of-state power producers to come in and replace the local investor-owned utilities (IOUs) in the generation sector.
Thus far, a large majority of the independent power producers (IPPs) that have replaced local IOUs in U.S. wholesale electricity markets have been subsidiaries of parent companies that also own IOUs in other states. 1 In fact, one of the major phenomena observed during the initial transition period for electricity restructuring is the "swapping" of generation assets among IOU parent companies: much of the power plants sold by IOUs in divestiture sales have been bought by subsidiaries of (other) IOU parent companies. There are good reasons why we might expect IOU parent companies, through their IPP subsidiaries, to be the major players in the newly restructured wholesale markets. Given that IOUs have controlled much of the electricity generation business in the U.S. over the past 60 years, IOU parent companies are the firms with the most experience in 1 providing generation services in the U.S. 2 Moreover, the variation in the costs reported by IOUs in different states raises the possibility that some IOUs may be more efficient than others. Thus, a possible rationale helping to explain the large share of IPP activity controlled by IOU parent companies is that less efficient IOUs are being replaced in the generation sector by subsidiaries run by more efficient out-of-state IOUs.
In this paper, we empirically explore this claim that the IOUs who have expanded their generation activities outside of their regulated franchises and into "out-of-state" independent power production are in some sense the "lower cost" IOUs in the country. 3 While much of the current independent power production is provided by subsidiaries of IOU parent companies, not all major IOU parent companies have chosen to participate in independent power production. Among the 81 major IOU parent companies analyzed in this essay, 32 own IPP subsidiaries. The working hypothesis in this essay is that the remaining 49 firms has chosen (as of 2000) not to participate in IPP because they feel that they cannot compete for the right to provide generation services without regulatory protection. We infer the generation costs that an IOU parent company potentially faces in IPP activities -and thus the level of competitiveness of the firm -from observed information about the utility operations of the IOU parent company. Specifically, we focus on utility operations along two dimensions: the reported operations and maintenance costs for utility generation and the financial health of the utility. The former is used to arrive at some measure of the short-run variable cost that an IOU parent company may face while running an IPP merchant power plant.
The latter is used to infer the capital costs that an IOU parent company may incur in order to develop or acquire IPP power plant projects. Combined, they provide an expansive view on the potential IPP generation costs faced by each IOU parent company.
Two empirical strategies are employed to examine the link between observed utility operations and the level of IPP activities engaged by the IOU parent company. First, a descriptive approach is adopted where the focus is the correlation between various utility characteristics and the IPP participation decision of the parent. The descriptive section introduces the utility variables of interest and demonstrates that there is sufficient correlation between these utility characteristics and IPP participation to merit a closer examination. Second, a cost function for making IPP capacity available in a market, based on observed utility characteristics, is estimated using a simple competitive entry model. The purpose of this empirical model is to measure the relative importance 2 Investor-owned utilities have controlled most of U.S. electricity generation since the passage of the Federal Power and Public Utilities Act in 1935.
3 Some IOU parent companies have IPP activities in the same state as where they have their regulated franchises.
Most state laws only require the parent company to maintain an "operational" separation between IPP and utility, not different ownership.
2 of each of these utility characteristics, taking into joint consideration all of the capacity investments made by IOU parent companies in a market. Estimates from the entry model reveal that much of the descriptive analysis can be misleading. While at first glance it may seem that "capital cost"
factors such as net income and revenue play a significant role in an IOU parent company's IPP participation decision, the estimates from the entry model suggest that it is in fact the prowess of a parent company's utility power plant operations and maintenance that appears to matter.
The significant correlation between net income / revenue and IPP participation weakens once such financial characteristics are considered jointly with other utility characteristics that change with the parent company's scale of utility operations.
The paper is organized as follows: section 2 provides an overview of the relevant utility characteristics and examines the correlation between those characteristics and observed IPP activities of the parent company. Section 3 builds upon this descriptive analysis by proposing a simple, empirical competitive entry model for the upstream "generation capacity" market. Estimates from the model, obtained by maximum likelihood, are then used to explain the observed variation in IPP activities by IOU parent companies. The paper then concludes with some final remarks.
Overview
Even a casual overview of the major independent power producers participating in the various U.S.
wholesale electricity markets reveals a significant presence by IOU parent companies. In California, of the five major IPPs controlling most of the non-utility electricity generation supply, three (Duke Energy North America, Reliant Energy, Southern Energy) are subsidiaries of parent companies that own U.S. investor-owned utilities. 4 The significant and, perhaps more accurately, dominant presence of IOU parent companies in U.S. IPP activity can be further established by examining the outcome of the utility divestiture sales conducted during the recent transition period for U.S. electricity restructuring. Given that divested power plants account for most of the independent power production during the past few years, an analysis of who bought divested power plants provides a good indication of who controls much of the IPP activity right now. given the option to transfer the assets to a separate subsidiary of the parent company 6 Ishii & Yan (2003) provides some empirical support for this explanation.
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Exploring the flip-side is Table 2 . Combining the information from Table 1 and Table 2 Bushnell & Wolfram (2005) show that incentive changes due to regulatory restructuring can induce greater utility plant efficiency. Thus, differences in plant efficiency between utilities in more and less restructured states may not be completely due to differences in the utilities themselves 5 about these data sources can be found in the Data Appendix. There are two possible concerns associated with our use of SRNF as a measure of the relative cost efficiency for an IOU. First, the cost data used to construct SRNF are based on the values reported by the IOU to a regulatory commission. In so far as an IOU has an incentive to misreport its cost (and in so far as the regulatory commission cannot completely monitor the IOU), these variables may be distorted reflections of the true underlying cost of generation. However, this concern is mitigated by the fact that generation cost is, perhaps, the aspect of electric utility cost that can be best monitored; regulators can use engineering information and fuel receipts to arrive at good bounds for generation cost -this is the basic insight motivating much of the "competitive benchmark" literature, such as Wolfram (1999) , BBW, and, more recently, Mansur (2003) and Bushnell, Mansur, & Saravia (2003) The more troubling concern is the fact that these variables capture average generation cost for a given amount of generation; they provide us with a single point of observation for an IOU's generation cost function. Therefore, SRNF is only truly comparable across firms if either all firms produce similar amounts of generation or average generation cost is roughly constant over the observed range of generation. Neither assumption holds outright as IOUs are observed providing varied amounts of generation and electricity generation is usually understood to involve some fixed costs (e.g. ramping constraints). Consequently, even if more generation cost efficient utilities are more likely to be involved in IPP activities, it may not be perfectly borne out by the average cost measure of SRNF. Ideally, we would like to observe the O&M costs for IOUs for comparable levels of generation. However, such data is unavailable. We proceed with the belief that while SRNF may 10 FERC classifies generation as steam power, nuclear, hydraulic, or other. Steam-power captures the vast majority of fossil-fuel based generation. 11 Expanding to top 20 does not alter this impression 12 The same Person correlation for the average O&M costs including fuel cost is similarly negative, -0.15403 with a standard error of 0.0756 7 be an imperfect reflection of an IOU's generation cost (dis)advantage, it is still likely correlated with the "ideal" measures and serve as good proxies. Most notably, SRNF should be a good proxy after accounting for differences in utility generation size.
O&M costs only make up one aspect of a firm's overall independent power production cost. An IPP also incurs costs associated with developing new and acquiring existing power plant projects.
An important component of the cost of developing and acquiring power plants is the cost of capital.
The FERC Form 1 Report does report utility capital costs. However, such reported capital cost is likely not comparable across IOUs nor the relevant capital cost for IPP power plant projects.
This is because the regulated retail electricity price that an IOU can charge is largely set such that the IOU has the opportunity to earn a regulated rate of return on its reported capital investment.
Depending on the diligence of the local regulators, an IOU has a weak incentive 13 to keep capital costs down. Instead of using reported capital costs, we infer an IOU's capital cost from its observed financial characteristics. With imperfect capital markets (due to asymmetric information between IPP and outside lender about the profitability of a power plant project) the outside cost of capital faced by an IPP will be greater than the opportunity cost for internal capital owned by the IPP.
We use measures of an IOU's access to internal capital to capture its potential relative capital cost for IPP projects. Table 4a and 4b list the top 10 major IOUs with the highest and lowest 1996 net income (NETY), respectively. An IOU parent company with an utility earning greater net income is presumably one who has access to greater internal capital in the form of retained earnings. 14 Table   4a is practically a list of who's who in U.S. independent power production. & Doane (1996) , the effective rate of return faced by a firm can be significantly affected by factors outside the control of the managers of the firm.
9 retained earnings of the IOU. Due to such factors as taxes, firms may have an incentive to "play with the numbers" and report a net income different from its economic value. The analysis on net income is caveat the usual criticisms associated with using accounting financial measures.
In addition to net income, we also examine the net revenue from the sale of electricity (NRVSE).
For an IOU parent company considering making large IPP capital investments, the relevant financial information may not be so much retained earnings as it is cash flow. Moreover, revenue is a figure that may be less prone to accounting manipulation than net income as retail electricity prices are set by the regulators. Not too surprisingly, the results for revenue are similar to the results for net income, with many of the same IOUs on the top lists for both financial characteristics. 17 There is clearly a strong positive correlation between net income and revenue, based primarily on the scale of utility operation: an IOU serving a larger franchise area will face a larger revenue stream and have the opportunity to earn a greater level of net income. This raises another concern: it is difficult to tell whether the significant correlation we observe between net income / revenue and IPP participation is due to greater access to capital (as argued) or to other benefits of scale, such as more experience from operating more generation capacity. Further complicating the analysis is the idea that scale may be endogenous; IOUs with greater scale of operation may be the ones with greater (unobserved) advantages. Unfortunately, there are no simple fixes for these complications.
Some of these complications are dealt with explicitly later in the paper.
Lastly, we use the reported assets-to-liabilities ratio (ATOL) to arrive at a more direct inference of an IOU's capital cost, especially with respect to outside sources of capital. The idea is that an IOU with a lower assets-to-liabilities ratio is one that faces greater borrowing constraints (less collateral, more leveraged) and greater capital costs from outside lendors. The ATOL data reveals a positive relationship as well. 18 Again, like the case for net income, this result is caveat the usual criticisms surrounding the use of accounting measures, with the chosen accounting definition of assets and liabilities possibly different from their relevant economic definitions. However, while the observed significant correlation between the financial variables (NETY,NRVSE,ATOL) and IPP participation may not necessarily reflect the intended capital cost argument, it is difficult to think that the correlations are purely spurious. There is most likely some economic story underlying these observed correlations.
Tables 1 through 4 provide some descriptive support for the idea that the characteristics of the IOUs bear some influence on the decision of the IOU parent companies to participate in U.S.
IPP activities. Table 1 
An Entry Model for IPP Generation Capacity
In the previous section, we examine how different individual IOU characteristics seem to correlate with the decision of the parent company to expand into U.S. independent power production. Here, we examine these factors jointly within the framework of an entry model. The empirical entry model allows us to exploit greater observed variation in the IPP participation decision. Instead of just focusing on whether the IOU parent company is involved in any IPP activity, the entry analysis also considers the level of IPP activity. The level of IPP activity is reflected by the number of markets the IOU parent company "enters" and the amount of generation capacity the IOU parent company decides to invest in a given market. An IOU parent company well suited for independent power production would presumably be active in many markets, owning sizable capacity in such "entered" markets. Therefore, the entry analysis helps discern the relative importance of IOU characteristics by placing more emphasis on characteristics displayed by IOU parent companies active in more wholesale generation markets and/or owning greater capacities in these markets.
The market the IOU parent companies are considering entering is defined in the following two manners. First, geographically, the market definition follows the North American Electricity Reliability Council (NERC)'s 13 U.S. major subregion definition. NERC is the industry governing body for the North American electricity transmission and distribution entities. Each of these subregions, spanning the continental U.S., is based on existing transmission and distribution capabilities and helps take into consideration the fact that a power plant located in one state may actually provide much of its generation to end consumers located in a neighboring state. Thus, NERC subregions provide the closest geographic definition based on location of actual demand.
Second, the product sold in the market is not generation services per se but rather generation capacity. The wholesale electricity market consists of two vertically related markets. The downstream "spot" market is the market where actual generation (in terms of kilowatt-hours, kWh)
are traded between energy traders and retail marketers who represent end consumers. This is the market that has been the focus of much current research, including various market power studies such as BBW. However, the market that drives much of the investment decision for IPPs is the upstream market for new generation capacity (in terms of megawatts, MW). This is the market where IPPs sell options for the rights to their generation output for some time period (often 5-10 years) to an energy trader. These power purchase agreements are usually negotiated before the commercial start and sometimes even before the construction of the power plant. For many IPPs, the decision to go forward with a merchant power project hinges crucially on the price it expects to earn from its power purchase agreements. 19
In this paper, entry in the market is signified by the parent company acquiring or building a positive amount of IPP generation capacity in the NERC subregion. 20 Unfortunately, identifying the exact timing of entry is complicated by the fact that the exact year in which an IPP capacity was built/acquired is not readily available for some IOU affiliated IPPs. What we observe for all to studying entry during a period of time is that market conditions may vary within that period.
Of particular concern is the impact that observed effects of ongoing restructuring may have on firm expectations about the profitability of IPP activities. Some of this concern is mitigated by the choice of mid-2000 as the end of the period, which allows us to avoid investment distortions from the California Energy Crisis. Moreover, a review of the industry press does not raise any significant concern about changes in the prices for power purchase agreements negotiated between IPPs and energy traders between 1997 and 1999. 21
The "entry" data we observe for each of the 81 IOU parent companies consist of the amount of With respect to the latter, whether to participate at all, the company participates if the variable profit (economic rent from being a low cost provider) the company earns from acquiring capacity (at the level where P = M C) is greater than the fixed entry cost.
These two basic insights are reflected in Figure 1 . The profit maximizing capacity that the company acquires in the market, conditional on having decided to participate, is indicated by the intersection between the capacity marginal cost curve and the price line. Whether the company decides to participate depends on whether the economic rent the company earns from participating -the shaded area below price but above average cost -is greater than the fixed entry cost. For
IPPs with a lower cost of providing generation capacity, the marginal cost curve is further right ("flatter"), leading to an intersection with the price line at a larger capacity and a larger area of 13 economic rent between price and average cost. Similarly, shifts in the price offered for generation capacity can alter the intersection and area of economic rent, with higher prices (weakly) leading to greater participation. 22 This leads us to our identification strategy: observed market characteristics, reflecting capacity price, should help explain why some markets attract more IPP participation than others while observed firm characteristics, reflecting capacity cost, should help explain why some IOU parent companies participate in more markets and/or invest in larger capacities than others.
In order to implement this empirical strategy, two sets of specification decisions must be made.
First, the nature of competition in the market must be defined and, second, the form of the revenue and cost curves must be specified. With respect to the former, we model the market for capacity as being competitive, with each IPP acting as a price-taker. While much of the current economic literature on electricity restructuring has focused on potential market power in the downstream, spot market, there are reasons to believe that the upstream capacity market is largely competitive.
First, the ability of energy traders to exercise market power in the spot market hinges on real-time fluctuations in market conditions that cannot easily be forecasted (mainly climate factors such as temperature and rainfall). 23 While spot market prices can adapt to reflect these unexpected realtime changes, the price for capacity cannot, in general, because it has been set a priori, with a price schedule determined and fixed for several years based on expected market conditions. 24
Second, favorable changes in market conditions can lead to (short-run) market power for energy traders in the spot market because there are sizable entry barriers; it is difficult for firms outside of the spot market to take advantage of unexpected shocks because new power plants cannot be constructed quickly nor can electricity from a different market be exported economically to the desired market. But this is not necessarily true for the capacity market. Given that many of these power purchase agreements are negotiated well before the commercial start of the new plant, both IPPs inside and outside the market have time to adjust their supply capability. Consequently, shifts in expectations about current and future value of generation can elicit supply reactions from both current and potential entrants, leading to much of the benefits from anticipated market shifts being competed away. Combined with the earlier argument, this suggests that IPPs in the capacity market are price-takers, with the capacity price largely determined by the expectations energy traders have concerning future spot generation prices. Consequently, we model the market as being competitive with prices determined principally by observed market characteristics.
In a competitive market, the revenue that the IPP earns from participating in the capacity 22 Strictly leading to greater participation if there is no entry cost 23 See Borenstein & Bushnell (1999) for an analysis of factors contributing to market power in California. 24 In theory, the agents could draw up a contingent claims contract. But this is not general industry practice.
14 market is simply the product of the "capacity price" and the amount of capacity being made available. The capacity price can be thought of as the net present value of the expected generation payments the energy trader contracts with the IPP, per unit of capacity.
where P tdh = Unit price for generation for year t, day d, hour h u tdh = Expected utilization rate for year t, day d, hour h
We argue that this P capacity , for a given market, is roughly the same across all IPPs. Although power purchase agreements are negotiated bilaterally between IPP and energy trader, there are good reasons to believe that these negotiated prices converge for a market as [1] industry press suggests that market participants are aware of the prices/quantities being negotiated among IPPs and traders and [2] the relatively small number of IPPs and traders implies a low transaction cost to "comparison shopping." Combined, these arguments suggest that price differences would not survive long for similar capacity, making the assumption of uniform price reasonable. 25 Consequently, we model P capacity as varying by market (indexed by g) but not IPP characteristics:
Capacity costs, on the other hand, are modelled as varying across IPPs (denoted by the index f ) and capacity level -with capacity cost C f (q) increasing quadratically with capacity level q.
where
The quadratic specification allows for some limited economies of scale, consistent with the generation technology available during the study period. 26 α 1f q + α 2f q 2 reflects both the capital cost necessary to acquire the capacity q and the discounted stream of operation and maintenance costs necessary to satisfy the generation requirements contracted with the energy trader. α 0f represents the fixed entry cost the IPP must sink in order to participate in the market. We model the parameters of C f (q), the α f 's, as functions of the observed IPP characteristics discussed earlier:
Given that some IOU parent companies own multiple IOUs, some method of 25 A caveat is that not all capacity are the same. Due to transmission constraints, the location of a power plant may make it more or less valuable, especially in the ancillary services markets for generation. However, for many restructured wholesale electricity markets, such as California, the main "generation" spot market values electricity from all locations equally. For now, we ignore the location dimension of generation capacity. 26 See Ishii (2004) for details on capital and operation costs for a large class of generation technology, gas turbines aggregating the utility information to the level of IOU parent company needed to be adopted. We As the summary statistics reveal, the variables do not differ much between the two methods. 28
Consequently, we adopt the simpler specification of "largest utility" in determining the observed utility characteristics assigned to each IOU parent company. We make one exception: we use the total amount of utility generation capacity divested by all major IOUs owned by the parent company, instead of just the largest IOU. Divestiture is an one-time event (for each utility) whose timing is erratic. Therefore, it does not make sense to use a "representative" utility approach for the divestiture characteristic.
27 Steam power is used as a criterion as most merchant power generation is steam powered 28 This is primarily because most IOU parent companies own only one IOU or own one that simply dwarfs all others in scale of operation.
16

Empirical Framework
Given the basic specification outlined above, an estimator can be derived that measures the impact of observed market and IPP characteristics on the observed participation decisions of each IPP in each market (whether and how much capacity they invested). Conditional on IPP f "entering" market g, the adopted revenue and cost functions ensure that the "P=MC" condition inverts for a unique, profit-maximizing value of capacity (q * f g ).
To capture the econometrician's ignorance, we propose that we observe the difference between market price and the linear cost term (P g − α 1f ) up to some additive error term (ν f g ) which is distributed i.i.d. Normal across (firm,market) observations. This term is meant to reflect the components of the firm negotiated price and cost that are not completely captured by the model.
Accordingly, a likelihood function can be derived for the observed q f g . Recall that a firm enters (q f g > 0) only if q * f g > 0 and Π * f g ≥ 0. This implies a range of values for ν f g such that a firm with characteristics (X 0f , X 1f , X 2f ) facing market price P g will enter.
Combining the two constraints, we find that an observation of q f g > 0 is associated with ν f g ≤ P g − α 1f − 2 √ α 0f α 2f . Similarly, observations where firm f has not entered market g (q f g = 0) are associated with ν f g > P g − α 1f − 2 √ α 0f α 2f . This yields us the following explicit likelihood function
The constraint on the relative values of (α 0f , α 2f ) in equation (10) is necessary in order to ensure full parameter support for the likelihood. With the presence of arbitrary fixed costs, it is possible for the value of q f g obtained from inverting the "P=MC" condition (q * f g ) to imply a value ν f g > ν * f g . The above constraint on (α 0f , α 2f ) ensures that this does not happen. 29 Note that an alternative to this constraint is to introduce an additional error term, such as in the level of profit (perhaps an unobserved component of fixed cost). With two errors, one error would fit the observed entry decision and the second error would fit the observed amount of q f g . 30
Model Specification
We present estimates from a parsimonious model where observed utility characteristics that differ across IOU parent companies largely affect the cost function through the quadratic term α 2f . 31
This specification takes a stance on what we believe the data can best explain: for a quadratic cost curve and a given price, it is the linear cost term that determines whether a firm enters and the quadratic cost term that largely determines the amount by which a firm enters (q f g ). Putting the observed explanatory variables exclusively in the quadratic term makes the stance that what can be best explained by the data is not the (0-1) decision of whether an IOU parent company enters the generation capacity market but the level of capacity associated with an entrant IOU parent company. Therefore, the empirical estimates seek mainly to explain the observed differences in the 29 One can think of this constraint as yet another derived from the data. Here, the minimum amount of positive investment made by an IOU parent company in a market provides information on the upper bound of the fixed cost.
30 The model would need to be estimated using simulated maximum likelihood as evaluating the likelihood entails numerical integration 31 Estimation of a model where utility characteristics were included in both the linear and quadratic terms yield qualitatively similar results
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level of IPP activities among entrants. However, the model does not abandon the goal of using observed utility characteristics to explain the IOU parent company (0-1) entry decision: the fixed cost α 0f is modeled as an increasing function of α 2f .
Along with the utility characteristics we examine earlier, we consider three additional variables:
FOSCAP, FOSYR, and NEWCAP. One of the concerns raised while examining the correlation between observed IPP participation and the utility net income (NETY)/ net revenue (NRVSE) is that NETY and NRVSE may not be reflecting capital cost advantages as much as the utility scale of operation. A reason why scale might matter other than access to greater retained earnings / cashflow is that IOUs with greater generation operations have more opportunities to learn / benefit from the experience of running power plants. In order to help alleviate this concern, FOSCAP is included in the specification. FOSCAP is the total (nameplate) capacity of fossil-fuel burning power plants operated by the "largest" owned utility in 1996. 32 By including FOSCAP, we hope to separate the two scale effects: larger internal sources of capital and greater operational experience. We also include the 1996 average age of the fossil-fuel burning capacity (FOSYR) and the amount of utility generation capacity developed between 1985 and 1995. Both reflect the vintage of the power plants operated and maintained by the IOU parent company. On a technical note, we point out that the specification of α 0f ensures that fixed cost is non-negative and bounded above appropriately. 33
The price for capacity (P g ) is modeled around the 1996 retail electricity price ($/Kwh) for the market (g). We hope that much of the variation in capacity price will be captured by the variation in the 1996 retail electricity price. We use differences in observed generation demand characteristics to model other variation in capacity price.
32 Again, "largest" refers to most steam-powered generation in 1996. 33 The specification ensures full parameter support as it guarantees that q f g ≥ α 0f /α 2f for all (f,g) where q f g > 0
We include two demand characteristics (RM, LDFACT) that we believe affect the spot price an energy trader expects to earn in the downstream generation market. RM is the 1996 reserve margin for the market, calculated as the ratio between peak demand and existing generation capacity in the market. RM reflects the general tightness of supply. A market with a low reserve margin is one that is susceptible to supply shortages, whether due to unexpected demand / supply shocks or strategic withholding of capacity. Thus, energy traders may expect a larger price for generation in such markets and be willing to pay more for capacity. LDFACT is a measure of the load factor for the market and is calculated as the ratio between peak and average generation demand. LDFACT captures the tightness in supply during peak periods as a high load factor implies that a large amount of generation capacity is needed just for the peak period. To capture the overall demand level, we include LOAD96 and LOAD10. LOAD96 is the log of peak demand (MWs) for the market.
LOAD10 is the 10 year expected growth in peak demand, based on 1996 forecasts. A market with a greater level of demand ceteris paribus will face a higher price because the market will need to resort to the greater participation of less efficient firms in order to satisfy demand ("climbing up"
the system marginal cost curve).
Results
In the estimates reported below, the parameter for the fixed cost, α 01 , was set to 0. In theory, the parameter is identified. However, in practice, it is difficult to estimate with precision. The only aspect of the model that helps pin down the units for the level of profits is the retail price.
Thus, identification of α 01 is tenuous. The estimates reported below should be interpreted as the parameters for the cost and price functions normalized by the (unobserved) level of fixed cost. The quadratic cost term includes utility characteristics that reflect both the parent company's skills in operating and maintaining power plants and its access to capital. The direct measure of the impact of a parent company's O&M costs, SRNF, is statistically (p-value < 0.01) and substantially positive. A one standard deviation increase in SRNF (+$5.49 per MWh) leads to a much greater absolute change in quadratic cost than any other utility characteristic, except revenue (LNRVSE). The fact that SRNF seems to matter more in this analysis than the earlier correlation study suggests that utility non-fuel O&M costs affect the capacity size decision more than the 0-1 decision of whether to participate at all. A reasonable interpretation, then, is that IOU parent companies reporting larger non-fuel O&M costs are less likely to invest in sizable capacity in a given IPP capacity market.
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The three "scale of operation" variables (FOSCAP, NEWCAP, LFOSYR) also provide indirect is that only NEWCAP is estimated significantly negative under conventional significance levels (p-value < 0.05). Moreover, the impact on quadratic costs (from a 1 standard deviation increase)
is modest compared to the other utility characteristics. This suggests that the data does not point to a strong impact of these indirect measures of O&M skills on capacity costs.
However, an alternative explanation is that the estimation of the impact of utility operational scale is complicated by the presence of other variables highly correlated with operational scale, namely the financial characteristics of net income (NETY) and revenue (LNRVSE). While the coefficients for both financial characteristics are statistically different from zero (p-value < 0.02), only revenue (LNRVSE) has a sign consistent with the "capital cost" story. The estimated positive coefficient before net income suggests that parent companies with utilities reporting greater income face larger capacity costs -a result at odds with the view that retained earnings serve as a lowcost, internal source of capital. In the case where the operational scale story is confounded with the capital cost story, individual coefficients could have "inconsistent" positive signs, with the net effect of these scale/financial variables yielding the expected negative sign. To explore this possibility, we estimate a restricted version of the model that excluded NETY and LNRVSE from the specification. As the table above shows, the major qualitative difference in the estimates are in the estimated coefficients for operation scale/history with older power plants (FOSCAP, LFOSYR).
Both coefficient estimates become more "precise" and substantially negative. This suggests some confounding of the two effects.
The other two utility financial characteristics, assets-to-liabilities ratio (ATOL) and utility divestiture (DIVTOT) also provide mixed results with respect to the hypothesized capital cost story.
The estimated coefficient before utility divestiture (DIVTOT) is significantly negative, consistent with the view that the cash flow from the sale of utility capacity makes it easier for the parent company to acquire IPP capacity elsewhere. But the estimated coefficient before ATOL is significantly positive, contrary to the view that less leveraged firms face lower capital costs. The joint effect of these four utility financial characteristics (NETY, LNRVSE, ATOL, DIVTOT) are negative for most utilities, especially larger utilities (with the negative revenue effect dominating the positive net income and assets-to-liabilities effects). So there is some support for the hypothesis that utility financial health encourages IPP participation, to the extent that these reported, accounting measures are indicative of their underlying economic concepts. But the support is not as strong as in the earlier correlation study, underscoring the difficulty in identifying the individual impact of these utility characteristics when considered in unison.
Interpretations of the coefficients in the price function are tenuous due to the precision with which they are estimated. The estimates are of the expected sign, with the exception of the estimated coefficient for load growth (LOAD10) which is nominally negative but both substantially and statistically indistinguishable from zero. The strongest results are for the 1996 level of peak demand (LOAD96) and load factor (LDFACT96), the two significantly differing from zero at the 0.12 and 0.04 levels, respectively. This suggests that IPPs expect higher prices for their capacity in larger (LOAD96) and less peak-ish (LDFACT96) markets. The former is consistent with the earlier argument of higher demand climbing up the system marginal cost curve. The latter suggests that
IPPs may earn more from providing units that are frequently "on" than more peaker units.
A possible concern about all of these results is that the underlying model does not distinguish between entering a market and entering the IPP industry in general. There may be sizable costs to entering the industry that are separate from entering any individual market. In order to explore this concern, the model was re-estimated based on a limited sample. The full data set was pruned to include only firms that have entered at least one of the markets during the sample period and only markets where at least one state has enacted substantial restructuring legislation. The latter criterion eliminated the NERC regions FRCC (Florida), MAPP (South Dakota, Nebraska area), and WSCC-NWP (Pacific Northwest). The resulting estimates were qualitatively similar to their full sample counterparts. A more comprehensive exploration of this issue would require modeling the two entry decisions separately. We leave such a study for the future.
Conclusion
The recent state level experiments with electricity restructuring have opened up many new research opportunities for regulatory economists. Much of the current work has focused on the behavior of the independent power producers, abstracting away from their identity. In this paper, we examine the identity of a major subset of the IPPs: IPPs who are owned by parent companies who also own investor-owned electric utilities. By exploring the firm characteristics of these IOU-owned IPPs, we are able to shed some light on the behavior of these firms. Specifically, we are able to ask: why do some IOUs participate in U.S. independent power production but not others? The specific conjecture raised in the paper is that IOU parent companies differ along two dimensions, their relative ability to run and maintain power plants and their relative capital access. Thus, IOU parent companies that decide to participate in the restructured wholesale electricity markets may be the ones that can leverage one or both of these competitive advantages. By combining reported utility data from FERC with IPP activity data from various trade sources, the empirical linkage between utility characteristics and IOU parent company IPP activity can be used to examine this conjecture.
The results of the empirical analysis suggest that among the observed utility characteristics, those that reflect the ability of an IOU parent company to run and maintain power plants similar to those used as merchant power plants by IPPs seem to be key. The average non-fuel O&M cost for steam power generation, the amount of fossil-fuel burning capacity, the amount of new capacity (built between 1995 and 1996) , and even familiarity with aging, utility fossil-fuel burning power plants (similar to power plants sold in divestiture auctions) all figure prominently as important factors that reduce an IOU parent company's merchant power costs and increase the likelihood of significant IPP participation. On the other hand, the impact of financial characteristics such as assets-to-liabilities, net income, and revenue do not seem to be individually robust. The combined effect suggests that the capital cost story is relevant mostly for the largest IOUs. 34 Furthermore, the significant and robust estimates for an IOU parent company's divested utility capacity suggests that the "swapping" of generation assets among IOU parent company is a real phenomenon and one that has a substantial impact on the U.S. IPP industry. This potential, unintended effect of divestiture clearly merits more attention, especially as other states (and countries) design their own restructuring programs.
The analysis above provides some hope for the long-run viability of electricity restructuring. A major motivation for electricity restructuring is the belief that opening up the generation sector to competition will lead to the exit of inefficient, incumbent generators and the entry of more efficient out-of-state electricity producers. Although the estimated model does not completely explain the different levels of IPP participation chosen by the IOU parent companies, it is encouraging to see that the observed ability of these IOU parent companies to operate and maintain utility power plants do appear to play an important factor in the parent company's IPP participation decision.
In this manner, we find this paper to be complimentary with other, current research that examines possible efficiency gains from electricity restructuring. 35 In particular, the scope of this paper fits in well with efforts to estimate explicitly the power plant operation/maintenance efficiency gains (or losses) from observed differences in power plant performance pre-and post-regulatory restructuring.
The results from this paper would suggest that any efficiency gains found from such effort may be due to differences in the firm operating the power plant (pre-and post-) as well as changes in the regulatory incentives faced by the firm.
We do not see this paper as being a comprehensive study of either the IOU parent company IPP participation decision or IPP investment behavior, in general. This paper abstracts from many interesting and relevant aspects of both issues. These aspects include the distinction between buying and building generation capacity, potential gaming between utility and regulator, balancing of investment portfolio by multi-product utilities, management based reasons for corporate expansion, the impact of regulatory uncertainty, among others. Each merits its own study as these factors require their own data and empirical model. 36 Given the relative wealth of information available for reported utility characteristics and the key roles played by utility-affiliated IPPs in U.S. restructured electricity markets, this paper, with its focus on generation cost, represents a natural starting point.
We hope that this paper, along with others, helps provide a more complete view of the entry and investment behavior of non-utility independent power producers.
35 See Wolfram (2003) for an overview 36 Two recent works that examine some of these issues are Ishii & Yan (2003 , 2004 Data Appendix
There are three main categories of data used in this analysis: electric utility characteristics, independent power production investments made by electric utility parent companies, and market characteristics. The data on utility characteristics are obtained from the Federal Energy Regulatory Commission (FERC)'s Form 1 reports for 1996. More precisely, the data was gathered from the summary tables of the 1996 FERC Form 1, tabulated by the Energy Information Administration (EIA). The summary tables are available on the Internet at http://www.eia.doe.gov/cneaf/electricity/page/at a glance/fi tabs.html
The tables list the financial characteristics of major private electric utilities, with the "major" status determined by EIA. For the purposes of the paper, the pool of utilities were further whittled down. Cooperatives were excluded as many of them are non-profit and not candidate for expansion into nation-wide IPP activity. Furthermore, utilities whose generation needs were satisfied with less than 10% of own fossil-fuel burning units were excluded as well. This excluded a few utilities that were either strictly transmission & distribution companies (imported most of their electricity)
or generated most of their electricity using an existing hydro system. The remaining utilities were then classified by the parent company that owned the utility. The 1996 Major Parent Company List (also available from the same EIA source) was used as a template, though substantial updating was done via Internet sources (mostly company web sites). For some utilities, their parent company changed during the interim between 1996 and 2000. 37 In those cases, the most recent ownership status was used. 38 A total of 81 parent companies were arrived at through this process.
Information on the IPP activities of the 81 electric utility parent companies were obtained using various industry resources. The majority of the data was obtained from the annual McGrawHill publication "210 Independent Power Companies: Profiles of Industry Players and Projects."
The publication provides data (as of first half 2000) on many of the major electric utility affiliated independent power producers. Data on the smaller electric utility affiliated IPPs as well as second half 2000 updates on the activities of the larger ones were obtained from the various industry publications and the company web sites. The collected variables of interest are whether the electric utility parent company has a subsidiary for domestic independent power production and how much domestic merchant power plant (operational) capacity they owned as of the end of 2000 in each state.
Lastly, information on market characteristics are obtained from the North American Electricity The NERC definition was used as it largely accounts for imports and exports of electricity across state borders: a merchant power plant in one state may actually have been built with the intent of exporting electricity to a neighboring state. Moreover, IPPs are often quoted as saying that they are building a power plant to serve a particular NERC region. Additional information on NERC regions can be found at the NERC web site (www.nerc.com)
39 However, the 1996 retail electricity price is calculated using state-level information obtained from the Energy Information Administration's Electric Power Annual. The price is aggregated to the NERC region level by weighted average, where the weight is the ratio of the state's 1996 generation and the total amount of 1996 generation in the region.
